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NITROGEN FIXATION (ACETYLENE REDUCTION
METHOD) BY BLUE-GREEN ALGAE IN THE BALTC
SEA IN 1975 AND 1977
Ilkka Rinne1,Terttu Melvasalo2,Åke Niemi3 &
Lauri Niemistö4
RINNE, 1., MELVASALO, T., NIEMI, A. & NIEMISTO, L. 1979. Nitrogen
fixation (acetylene reduction method) by blue-green algae in the Baltic Sea
in 1975 and 1977. Publications of the Water Research Institute, National
Board ofWaters, Finland, No. 34.
The dominant species of blue-green algae during the study periods were
Aphanizomenon fios-aquae (L.) RALFS, Nodularia spumigena MERT., and
Anabaena spp. Acetylene reduction measurements showed that one hetero
cyst reduced acetylene c. 3.5 pg (2h)—1.Comparison of the abundance of
heterocysts with the intensity of nitrogen fixation suggested that the amount
of heterocysts of blue-green algae could be used when estimating nitrogen
fixation in the Baltic Sea. According to calculations based on the present
material the amount of nitrogen fixed by blue-green aigae in the northern
and central Baltic proper is estimated at c. 100 000 tons per year.
Index words: Planktonic blue-green algae, nitrogen fixation, Baltic Sea.
1. INTRODUCTION
The blooms of nitrogen-fixing blue-green algae
evidently play an important role in the nitrogen
budget of the Baltic Sea. The nitrogen-fixing
blue-green algae seem to be favoured by the low
N:P ratio (Tarkiainen et al. 1974, Melvasalo and
Viljamaa 1977, Niemi 1979) occurring especially
in upwelling Baltic deep water and in the land
based load of sewage. In order to estimate the
amount of nitrogen fixed by blue-green algae
attention has been directed to the numbers and
relative abundance of heterocystous planktonic
algae and the number and nitrogen-fixing activity
of heterocysts. In studies carried out in the
Baltic Sea the acetylene reduction method has
been applied to measurement of nitrogen fixa
tion (Brattberg 1975, Vuorio 1977, Rinne et al.
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1978). Positive correlation was found between
nitrogen fixation and the number of heterocysts.
The blue-green aigal blooms occurring in sum
mer in the open Baltic Sea consist chiefly of
the heterocystous species Aphanizomenon fios
aquae (L.) Raifs, Nodularia spumigena Mertens,
Anabaena lemmermannii P. Richter and Anabaena
baltica Schmidt (Niemi 1972, 1979, Horstmann
1975, Rinne et al. 1978, Edier 1979). However,
in the eutroficated coastai waters e.g. in the Gulf
of Finland, the non-heterocystous Oscillatoria
agardhii Gom. is the dominant blue-green alga
(Melvasalo 1971, Niemi 1972, Meivasalo and
Viljamaa 1977).
The aim of the present study was to record the
abundance of heterocystous nitrogen-fixing blue
green algae during blooms and the frequencies of
heterocysts, and to estimate the amount of nitro
gen fixed by blue-green algae in the northern
Baltic Sea.
2. STUDY AREA, MATERJALS AND
METHODS
The investigations of the present project “ME
RININNI” were perfomed in the Baltic Sea
(Fig. 1) on board R/V Aranda. Preliminary meas
urements were carried out in August 1974 in
the Baltic proper. In early August in 1975 and
1977 several areas, including a transect extending
from the east of the Gulf of Finland to the
Gotland deep, were studied (Table 1). In 1975
almost ali measurements of acetylene reduction
were made in surface water sampies. In 1977
both horizontal and vertical distribution were
studied. In 1975, due to caim and warm weather,
biue-green algal blooms of varying intensity were
observed throughout the study area. In 1977 the
blooms were not as intensive. During the cruises
sampling and measurements were performed
Fig. 1. Sampling stations.
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during the day light hours (4.00 a.m. —6.00 p.m.).
The chemical analyses were carried out on
board by the chemical staff of the Institute of
Marine Research, Helsinki (methods according
to Koroleff 1976). Primary production ability
was measured in vitro on board using the
method (Lassig and Niemi 1972). The phyto
plankton was analyzed in both water sampies and
net samples (25 m) preserved in Keefe’s solu
tion (Melvasalo et al. 1973). The species com
position and phytoplankton biomass were
analyzed from the water samples. From the
net samples taken for the acetylene reduction
measurements only the heterocystic blue-green
algae and the heterocysts were counted.
Nitrogen fixation was measured by the
acetylene reduction method (Burris 1972, Vuo
rio 1977). The sampies were concentrated to
100/1 with a 25 um plankton net. Sub-samples
of 5 ml were injected into 12 ml serum botties.
Three duplicate sub-samples and one control
sample were prepared. The acetylene concentra
tion was 20 % and the incubation time 2 h
(18 °C, 5 000 lx). Metabolic activity was stopped
by adding Lugol’s solution. The ethylene con
centration was measured using a Carlo Erba
Fractovap gas chromatograph. In this study one
mole of ethylene produced corresponded to 2/3
mole ofNH3 produced (Klucas 1969).
3. ENVIRONMENTAL CONDITIONS
1975
From late June 1975 the surface temperature of
the Gulf of Finland gradually increased (Fig. 2),
reaching a maximum of 23 0C in early August
Table 1. Sampling stations and dates.
Area Station Coordinates Depth Sampling date
m 1974 1975 1977
Gulf of Finland LL 3a 60004; 26°21’ 69 5.8. 2.8.
LL 5 59°55’; 25°36’ 70 6.8. 2.8.
LL 7 5951’; 24°50’ 73 6.8. -
Kasuuni 59°57’; 25°50’ 70 -
LL 9 59°42’; 24°02’ 65 6.8. 3.8.
LL 11 59°35’; 23°18’ 67 6.8. -
14.8.
LL 12a 59°36’; 22°54’ 50 3.8.
LL 12 5929’; 22°54’ 82 3.8.
LL 12b 5921’; 22°54’ 101 3.8.
Northern Baltic LL 13 59°22’; 22°28’ 101 6.8. -
Proper LL 15 59°11’, 21°45’ 131 7.8. 4.8.
LL 17 59°02’; 21°05’ 196 7.8. -
Teili 1 59°26’; 21°30’ 159 14.8. -
9 stations A—H 2.8.
Central Baltic LL 19 58°53’; 20°18’ 166 7.8. -
Proper LL 19/F 80 58°21’; 20°05’ 60 9.8. -
F 80 58°00’; 183 9.8.
F81 5719’; 20°00’ 245 4.8.
IVB 3W
lVb 31 57°22’; 19°32’ 111 4.8.
4 stations east of tland 9.8.
AlandSea F33 60°33’;18°56’ 134 13.8.
F64 60°12’; 19°09’ 279 13.8.
FA 11 60°04’; 19015 143 13.8.
F69 5947’; 19°56’ 205 13.8.
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Fig. 2. Surface water temperatures (°C) in July and
August 1974, 1975 and 1977 at the Harmaja light house
off Helsinki.
when the cruise was made. Stable thermal stratifi
cation had developed throughout the areas
studied (Fig. 3). The 15 °C isotherm was found
at c. 15 m in the Gulf of Finland and somewhat
deeper in the northern Baltic proper. Cold winter
water occurred between c. 40 and 60 m. The
surface salinity (Fig. 5) showed a gradual increase
from the Gulf of Finland to the central Baltic
proper (7 0/00 station F 81). The permanent
halocline occurred at a depth of 60—70 m. At
the entrance of the Gulf of Finland the isohalines
were depressed downwards (st LL 9). A tendency
to upwelling in the northern Gotland basin (F 80)
LL19IFBD F80
XV.5 00-1 LL3O LL 5 LL 1 LL 9 Liii L113 LLI5 LL17 LLI9 \fF 51
111
50
100
150
200
Fig. 3. Temperature (°C) on transect XV-5... F 81 on
5.—8. August 1975.
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Fig. 4. Temperature (°C) on transect LL 3a- LL 15 On
2.—4. August 1977.
Fig. 5. Salinity (°/oo) on transect XV-5...F 81 on 5.—
8. August 1975.
was also revealed by the isotherms and isohalines.
On a transect across the eastern Gotland Basin
the stratification was uniform. The leveis of total
phosphorus (10 ug 1—1) and total nitrogen (c.
300—400 4ug 1—1) (Figs. 7, 9) and the low con
centrations of inorganic phosphorus and nitrogen
(6jigll P04—P, 3—ljigl1N03—N, lOpgl1
NH3—N) in the surface water can be considered
typical of late summer in the northern Baltic Sea.
1977
In contrast to 1975 the summer of 1977 was
relatively cool, and the surface layer did not
warm up to such a high late summer temperature
as in 1975 (Figs. 2 and 4). In 1977 the 15 OC
isotherm occurred in the Gulf of Finland at a
depth of c. 5 m. At the entrance of the Gulf,
west of Hanko, even the surface temperature was
below 15 °C. The thermocline (c. 10—5 °C)
occurred in the inner Gulf of Finland at a depth
25
oc
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Fig. 6. Salinity (°/oo) on transect LL 3a...LL 15 on 2.—
4. August 1977.
Fig. 8. Total phosphorus (jig/1 P) on transect LL 3a...
LI, 15 on 2—4. August 1977.
of c. 15 m and in the Baltic proper at 20—
25 m. The winter water (< 2 OC) was clearly
distinguishable in the Gulf of Finland (st. LL
3a—LL 12), reflecting the eastward inclining
of the isotherms. The deep water below the
permanent halocline (salinity > 10 0/oo, Fig. 6)
was also distinguished by temperatures above
4 °C. The salinity gradient in the Gulf of Finland
was normal, the permanent halocline (8—9 0/00’)
occurring at a depth of 50—70 m.
Low values (< 5 jig 1—1) of phosphate phos
phorus were observed (Fig. 11) in the euphotc
layer (0—15 m). The concentration of total
phosphorus in the surface layer was lowest in
the northern Baltic proper (< 10 flg 11). In
Figures 8 and 11 the eastward inclining isolines
of phosphorus follow the eastward inclining
permanent halocline. Below the permanent
halocline the phosphorus values increased
markedly, to> 50 ig l.
A relatively high nitrate-nitrogen concentra
tion was found in the Gulf of Finland at st.
LL 5. No clear horizontal or vertical trend of
total nitrogen was found. Relatively low con
centrations of total nitrogen and ammonia
nitrogen were found in the deep water of the
Baltic Sea, the latter indicating relatively good
oxygen conditions in that area. High ammonia
nitrogen values were found at st LL 9, where low
values of total nitrogen and an unusual oxygen
stratification were observed (Figs. 10, 12, 13).
4. RESULTS
4.1 Acetylene reduction
Gulf of Finland
LI3a ±0 LL7 ±9 LL12 LL15 — LL3a LL5 LLI LL9 LL’2 UL’5
50
‘00
150
LL19/F80 F80
00-5 F01 LLSO LL5 LL7 LL9 LL11 LL13 LL15 LIS LLI9 FBI
Fig. 7. Totai phosphorus (ogJ1 P) on transect XV-5
- F 81 Fig. 9. Total nitrogen (ig/1 N) on transect XV-5.. F 81
on 5—8. August 1975. on 5—8. August 1975.
In the sampies for measurements of heterocystic
93
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acrivity the most abundant heterocystous blue
green aiga in 1975 was Aphanizomenon, which
was responsible for c. 60 % of the biomass of
heterocystic blue-greens. However, the pro
portion of the Apbanizomenon heterocysts
was only 20 % of the total number of hetero
cysts. The other abundant species in the bioom,
Nodularia, was responsible for almost ali the
remainder of the biomass of heterocystous blue
greens. The number of heterocysts of Nodularia
constituted c. 80 % of the total number. Ana
baena was of minor importance.
A dense bioom of blue-green algae, mainly
Nodularia, was observed close to the station
LL 9 (400 m westwards), their biomass being
10 times greater than that at the st. LL 9 itself.
The number of heterocysts was c. 70 times and
the amount of acetylene reduction c. 30 times
greater than the corresponding figures at station
LL 9 (Table 2, st. LL 9+400 m W). However,
the primary production ability of the dense
bioom was low.
7-8
58
Fig. 15. Oxygen concentration (02cm31dm3) on tran
sect LL 3a...LL15 on 2—4. August 1977.
transect LL 3a...1:ig. 10. Total nitrogen (ig/1 N) on
LL 15 on 2.—4. August 1977.
Fig. 11. Phosphate phosphorus (P04- pg/1) on transcct
LL 3a...LL15 on 2—4. August 1977.
50
LLI2 LL5
80
>80
Fig. 12. Nitrate nitrogen (N03- jig/1) on transeet
LL 3a...LL 15 on 2.—4. August 1977.
LUO LLS LL7 LL9 LL12 LLIS
50
Fig. 14. Oxygen concentration (02 cm3/d)on tran
sect XV-5...F 81 on 5.—8. August 1975. M2S occurred
in Sts. LL 19-F81 below 175 m.
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Fig. 13. Ammonia nitrogen (NH4- pgIi) on transect
LL 3a...LL 15 on 2.—4. August 1977.
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Fig. 16. Rate of acetylene reduction (.iM C2H (2h)1 m3) and heterocystic activity (pM C2H (2h)—1 hetero
cysr) on transect LL 3a... LL 15 in 1977. Although drawn as such, the transect is not a straight line, due to st.
Xl-3
- 12b.
The geometric mean of hetcrocystic activity
in the Gulf of Finland on August 6, 1975 was
0.38 pM C2H4 (2h)—1 heterocysr1,ranging
from 0.6 (sts. LL 5 and LL 7) to 0.2 (sts. LL 9
and LL 11).
The station LL 11 was studied twice, on
August 6 and 14. On 6.8 the bioom of blue
greens consisted of an equal amount of Aphani
zomenon and Nodularia. On August l4Nodularia
was almost totally replaced by Aphanizomenon
in the surface water. The total amounts of blue
green algae and heterocysts had decreased, but
the heterocystic activity had increased. The
biomass of blue-greens was only 61 per cent and
the number of heterocysts only 11 per cent of
the values for August 6. Although the total
amount of acetylene reduction had decreased,
the heterocystic activity had however increased
(Tabies 2, and 7). On August 14, sampies from
10 and 20 m were also analyzed. The results
from 10 meters did not differ markedly from
those for the surface water. At a depth of 20 in
both blue-green aigal biomass and the number of
heterocysts, as well as acetylene reduction and
heterocystic activity, were clearly lower than
those in the euphotic layer.
In 1977, the values of acetylene reduction and
heterocystic activity in the surface layer werc
lower than in 1975 throughout the Gulf of Fin
Iand (Table 2). Particularly low values were
recorded below the euphotic layer (20 m, locallv
also at 10 m), wherethedensityoftheblue-green
algae was low.
Table 3. The geometric mean values of acetylene reduction rate, biomass of heterocystic blue-green algae, number of
heterocysts and heterocystic activity in net sampies (25 J1m) from different depths at stations LL 3a, LL 5, Kasuuni,
LL 9, Xl-3, LL 12a, LL 12, LL 12b and LL 15 in 1977.
Acetylene Biomass of heterocystic Number of Heterocystic
Depth reduction rate blue-green algae hcterocysts activity
m MC2H4(2h)1m3 mgm3 106m3 pMC2H4(2h)1
heterocysts 1
0 6.0 270 41 0.15
5 2.4 200 28 0.09
10 0.4 51 6.1 0.07
20 0.3 8.9 1.1 0.27
0
m
5
10
15
20
m
5
10
15
20
pM C2H(2h)1heterocyst
Northern Baltic proper
Acetylene reduction was measured in 1974 in a
7 127903175V—13
98
restricted area at 9 stations (sts A—I), in 1975
at 3 stations (Teili 1, LL 15, LL17), and in 1977
at one station (LL 15) (Table 2).
In 1974 the geometric mean value of the
acetylene reduction results of surface sampies
was 13 pM C2H4 (2h)—1 m3. The biomass
of the heterocystic blue-green algae in these net
sampies was 230 mg m3 and the number of
heterocysts 42.106m.Aphanizomenon was
the most abundant blue..green aiga.
In 1975 the acetylene reduction in the three
sampies studied was 4.9 pM C2114 (2h)1m3,
which was less than half of the value for the year
1974. The biomass of blue-green algae was
however as great as in 1974:230 rng m3. The
number of heterocysts, 22.106 m3, however
almost half the value of the year 1974.
Table 4. The mean percentage values of biomass of dif
ferent species of heterocystic blue-green algae and their
number of heterocysts in different depths at the stations
LL 3a, LL 5. Kasuuni. LL 9, XI-3, LL 12a, LL 12,
LL 12b and LL 15 in 1977.
Depth Mean percentage
m Aphani- Nodularia Anabaena
zomenon
0 Biomass 74 23 1.4
Heterocysts 61 37 1.4
5 Biomass 82 17 1.0
Heterocysts 69 30 1.7
10 Biomass 76 23 0.7
Heterocysts 57 42 1.3
20 Biomass 61 37 1.5
Heterocysts 36 62 1.8
In this sub-area the geometric mean of the
heterocystic activity was 0.31 pM C2H4 (2h)1
heterocyst1 in 1974 and 0.23 in 1975. The
surface values from LL 15 were somewhat higher
in 1977.
Central Baltic proper
Acetylene reduction was measured from 6
sampies in 1974 and from 7 sampies in 1975
(Table 2). In 1974 the mean of acetylene reduc
tion was greater than in the northern Baltic
proper. The biomass of the blue-greens was
somewhat greater but the number of heterocysts
was the same as in the northern area:
Table 6. The mean percentage values of the biomass of
the heterocystic blue-green aigal species and those of
their number of heterocysts in the northern and central
Baltic proper in 1974 and 1975.
Mean percentage in
northern Baftic central Baltic
1974 1975 1974 1975
Aphanizomenon
— biomass 66 62 71 90
— no. of heterocysts 41 30 45 69
Nodularia
— biomass 34 37 29 10
—
no. of heterocysts 57 70 55 30
Anabaena
—
biomass 0.4 0.1 - -
— no. of heterocysts 1.0 0.1 - -
% of total blue-green aigal biomass
% of tota] number of heterocysts
% of total number of heterocysts
% of total number of heterocysts
78
63
21
35
0.9
1.5
Table 5. The mean values of nitrogen fixation and blue-green aigal paraxneters of the vertical sampling of 0—20 m at
the stations LL 3a, LL 5, Kasuuni, LL 9, Xl-3, LL 12a, LL 12, LL 12b and LL 15 in 1977.
Acetylene reduction rate jiM C2H4(2hY1m 38
Biomass ofblue-green algae mg m2 2 300
Number ofheterocysts 106m2 320
Heterocystic activity pM C2H4(2h) heterocysrl 0.2
Aphanizomenon
—
bioinass
—
heterocysts
Nodularia
— biomass
—
heterocysts
Anabaena
—
biomass
— heterocysts
% of totai number of heterocysts
% of total number of heterocysts
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— acetylene reduction 24 jiM C2H4(2h)1m3
— biomass of blue-greens 280 mg m3
— no. of heterocysts 42. 106 m3
In 1975 ali the values were markediy smaller
than in 1974 and also smailer than those of the
northern Baltic proper:
— acetylene reduction 0.54 jiM C2H4(2h)1
m3
— biomass of blue-greens 37 mg m3
— no. of heterocysts 2.0.106 m3
The mean of heterocystic activity in this area
was in 1974 relatively high, 0.58 pMC2H4(2h)1
heterocystl, but in 1975 only 0.26 pM C2H4
(2h)—1 heterocystl.
Aiand Sea
In 1975 four stations were studied. The mean
values were (Table 2):
— acetyiene reduction 9.9jiMCH4(2h)—lm3
— biomass of blue-greens 260 mg
— no. of heterocysts 34. i06 m3
Ali the values of this area were clearly greater
than those of the Baitic proper in the same year,
but the heterocystic activity was the same (0.29
pMC2H4(2h)1heterocystl). Aphanizomenon
was the dominant blue-green alga (63 %) but the
greatest source of heterocysts was Nodularia
(74%).
Statistical treatment of the material
Covariance analysis was used to test whether the
acetylene reduction rate depended equally on the
total number of heterocysts in different years
and in different depths. Examination by areas
was not carried out because of the scanty material
and the artificial nature of the limits of the areas.
In table 10 the covariance analysis (logarithmic
transformation) based on the whoie surface
water material in different years is presented.
In different years the acetylene reduction rate
(Y, jiM acet.red. (2hY1m3)depended on the
Table 7. The biomass of heterocystic blue-green algae, acetylene reduction rate, number of heterocysts and hetero
cystic activity in vertical net sampies (25 tim) as mean values of different suh-areas in 1975 and 1977.
1975, at the depth (m) 1977, at the depth (m)
0 10 20 0 5 10 20
Biomass mg m3
— Gulf of Finland 190 150 95 270 200 51 8.9
— northern Baltic proper 250 200 120 340 690 77 24
— central Baltic proper 12 270 34
-
-
-
-
—AlandSea 310 170 64
-
-
-
-
Acetylene reduction rate
jiM C2H4(2h)m3
— Gulf of Finland 2.3 2.3 0.7 &0 2.4 0.51 0.28
— northern l3altic proper 4.4 2.8 0.6 22 22 3.4 0.3
— central Baltic proper 0.4 3.4 0.5
— Aland Sea 17 2.5 1.5
Number of heterocysts
i6 m3
— Gulf of Finland 7.0 6.0 3.2 41 28 6.1 1.1
— northern Baltic proper 20 11 5.1 60 120 13 4.5
— central Baltic proper 1.2 15 1.6
—AlandSea 37 11 1.6
Heterocystic activity
pM C2H4(2h) heterocysts
— Gulf of Finland 0.33 0.38 0.22 0.15 0.073 0.037 0.077
— northern Baltic proper 0.22 0.25 0.13 0.37 0.18 0.26 0.077
— central Baltic proper 0.33 0.23 0.31
— Aland Sea 0.46 0.23 0.27
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Table 8. Heterocystic frequency (number of heterocysts per 1 000 jzm trichome) of Apbanizomenon and Nodularia
in 1975 and 1977.
Heterocystic frequency
Station Aphanizomenon at the depth (m) Nodularia at the depth (m)
0 10 20 30 40 50 0 10 20 30 40 50
1975
LL3a 0 1 7 - 0 - - 15 - - -
LL5 1 1 - 1 1 10 - 14 - - -
LL7 1 1 1 1 0 1 14 4 - - - 5
LL9 1 1 1 1 1 1 10 - - - - -
LL11 1 1 1 1 1 5 11 10 0 5 - -
LL11 1 1 1 6 15 - - - -
LL13 1 1 1 4 1 1
9O 10 - - -
LL15 1 1 1 1 - 1 10 11 7 - - -
LL17 1 1 1 1 1 1 10 14 10 1 - -
LL19 0 1 1 1 3 - - 0 - - 9 -
F80/LL19 1 1 1 0 - - - - - - - -
F80 2 - 1 1 - 3 0 - - - - -
F81 3 2 3 1 - 0 12 10 9 - 10 -
1977
LL3a 3 - - 9 - -
LL5 3 2 - 1 - -
LL9 2 0 0 13 0 -
LL12 2 2 2 14 19 16
LLI2A 2 2 - 16 - -
LL12C 2 2 5 15 16 -
LL15 2 2 - 17 20 40
LL39A 2 2 - - - -
heterocyst number (X, 106 m3) as follows:
1974
1975 Y=0.30X098
1977 Y 0.09X117
The mean square due to the difference bet
ween the three regression coefficients (0.244)
does not differ significantly from the mean
square within years (0.264). Thus a common
regression coefficient (1.04) can be used for
each year and the lines are parallel. It is possible
to test whether the lines coincide by testing the
mean square due to the year difference in eleva
tion (2.23) against the mean square for the
common regression coefficient (0.263). The
difference is significant, and further testing
shows that the difference is between the year
1977 and the years 1974 and 1975. The equa
tions become:
1974 and 1975 Y = 0.29X1°4
1977 Y=0.14X
In 1974 and 1975 one heterocyst reduced
about 0.29 pM acetylene iii 2 h (regression
Table 9. Nitrogen fixation by blue-green aigae in dif
ferent sub-areas of the Baltic Sea in 1974, 1975 and
1977 (geometric rneans, number of sampies in brackets).
jig Nfed(2h)m3
1974 1975 1977
Gulf of Finland - 91 (5) 56 (8)
northern Baltic proper 120 (9) 46 (3) 205 (1)
central Baltic proper 230 (6) 5 (7) -
ÅlandSea - 92(4) -
coefficient 1.04 does not differ significantly
from 1) and in 1977 only half this amount.
The difference may be accounted for by the
possible different stage of blue-green aigal blooms
in 1977 as compared to 1974 and 1975. In the
Helsinki archipelago (Vuorio 1977, Vuorio et al.
1978) the heterocystic activity was greatest
at the end of June (1 pM acet.red.hl hetero
cysr1) and decreased from that time towards
to the autumn, being about 0.24 pM h—1 hetero
cystl in early August.
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Table 10. Covariance analysis of the dependence of the acetylene reduction rate on the total heterocyst number in
surface water sampies between different years; x = in (heterocyst number, 106 m3); y = in (acetylene reduction
rate, jiM (2h)—1m3). Risk leveis: * p = 0.05, ** p = 0.01, *** p = 0.001.
Source of Regression Deviation from regression
variation coefficient df sum of squares mean square
Year: 1974 1363* 13 3.5264 0.2713
1975 0.981*** 17 4.2755 0.2515
1977 1.168*** 7 1.9699 0.2814
Within years: 37 9.7718 0.2641 s
Regression coefficient 2 0.4880 0.2440 s sIs = 0.92
Common 1.043*** 39 10.2598 0.2631
Adjusted means 2 4.4529 2.2265 s sIs = 8.46***
Total 41 14.7128
Tahle 11. Covariance analysis of the dependence of the acetylene reduction rate on the total number of heterocysts
in the sampies of vertical series between different depths in 197 and 1977; x = in (heterocyst number, iO6 m3);
y = In (acetylene reduction rate, jiM (2h)1m3). Rjsk leveis in Table 10.
Source of Regression Deviation from regression
variation coefficient df sum of squares mean square
Year: 1975 Depth
(m)
0 - 0.977** 3 0.3940 0.1313
10 0.893* 3 0.2021 0.0674
20 0.496 3 0.4252 0.1417
Within depths: 9 1.0213 0.1135 s
Rcgression coefficient 2 0.23 32 0.1166 s s/s = 1.03
Common 0.920*** 11 1.2545 0.1140
Adjusted means 2 0.5296 0.2649 s s/s = 2.32
Total 13 1.7843
Year: 1977 Depth
(m)
0 1.168*** 7 1.9699 0.2814
5 1_79*** 7 1.0612 0.1516
10 97*** 7 2.0924 0.2989
20 0.436 7 6.3953 0.9136
Within depths: 28 11.5 188 0.4114 s
Regression coefficient 3 9.7097 3.2366 s s/s = 7.87***
Common 0.985 31 21.2287
Within depths (without 20 rn) 21 5.1236 0.2440 s
Regression coefficient 2 0.0089 0.0045 s sIs = 0.02
Common 1.j83** 23 5.1325 0.2232 s
Adjusted means 2 1.0253 0.5 126 s s!s = 2.30
Tot1 25 6.1578
VESH1ALLTUKSEN
KIRJASTO
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Covariance analysis of the material from the
verticai series (Table 11) in 1975 reveais no dif
ferences in the regression coefficients and eleva
tions of the lines in different depths. The common
regression equation jS:
0, 10 and 20 m Y = 0.29X92
The equation is the same as for the whole
surface water material in 1974 and 1975.
In 1977 (Table 11) the regression coefficient
of acetylene reduction rate and heterocyst num
ber for depth of 20 m differs significantly from
those of other depths (covariance analysis and
t-test) and its significance is poor (risk level iittle
more than 5 %). If this depth is excluded from
the covariance analysis, the lines of the other
depths are parallel and have the same elevation.
The equations are:
0,5andllm Y0.07X118
20 m Y 0.32X44
The exceptionai equation in 1977 at a depth
of 20 m may be due to the very low acetylene
reduction rate (the accuracy of measurements
was poor). Also the surface water layer was
thinner in 1977 than in 1975.
In conclusion it can be stated that the acetylene
reduction rate in the euphotic layer depends
mainly on the total number of heterocysts.
4.2 Phytoplankton
Species composition and biomass
in 1975 integrated net sampies of the surface
layer (0—10 m) where studied. In ali sampies
Aphanizomenon and/or Nodularia were the
dominant aigae. In addition the foilowing species
were also identified (nomenclature according to
Hällfors 1979):
Anabaena baltica
A. lemmermannii
Go rnphosphaeria Iacustris
G. litorcdis Hiiyren
Gomphosphaeria sp.
Lyngbya cf aestuarii
The most abundant diatoms in these sam
pies were Bacillaria paxillfer and Actinocyclys
octonarius. Especialiy in the Baitic proper
Chaetoceros danicus was fairly abundant. Besides
these species the following taxa were found in
some of the net sampies:
Oblea rotunda
Peridinium spp.
Ch. cf affinis
Chaetoceros wighamii
Coscin odiscus
Amphiprora cf. paludosa
Nitzschia sp.
Gloeocystis sp.
Sphaerocystis sp.
Chlorococcales
Botryococcus Braunii
Dictyosphaerium sp.
Oocystis borgei
0. lacustris
Staurastrum sp.
The dinofiageliates Dinophysis acuminata,
D. norvegica D. rotundata and Gonyaulax
grindleyi were also very’ typical in the net sam
pies in 1975.
In 1975 and 1977 quantitative water sampies
were examined for determination of the species
composition and biomass of phytoplankton.
Four heterocystic blue-green algae were observed:
Aphanizomenonflos-aquae, Nodularia spumigena,
Anabaena baltica and Anabaena lemmermannii.
However, the frequency of the Anabaena species
was low. The amounts of the two other species
(total biomass and number of individuals) -are
presented as isopietes (Figs. 17 and 18). The
concentration of cyanophyceans in the upper
layer is well demonstrated.
In 1975 vertical quantitative sampies from
0, 10, 20, 30, 40 and 50 m were studied. The
greatest values of the total biomass, the total
amount of biue-green aigae and the number
of individuals were found in the upper 10 meters.
Often the highest values were found at 10 meters.
The highest quantitative phytoplankton values
were found at st LL 7 in the surface layer:
—
total no. of phytoplankton
io3 md. 1—1 1 550
—
total no. of cyanophytes
103 md. —1 261
—
total biomass mg h1 1,4
—
total biomass of cyanophytes
mgll 0,6
In 1977 the highest values of the quantitative
phytoplankton were found in the Gulf of Fin
land in an “upwelling area”, station LL 9 in the
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Iig. 17. Total phytoplankton biomass, blue-green aiga!
hiomass, number of Nodularia counting units ( trichoms
of 100 Mm), number of Aphaaizomenon counting units
(= trichoms of 100 Mm), and number of heterocysts ol
Nodularia and Aphanizomenon, on a transect LL 3a...
F 81 in 1975.
surface layer:
— total no. of phytoplankton
io3 md. 1—1
— total no. of chyanophytes
io3 md. i—1
— total biomass mg 1—1
— total biomass of cyanophytes
mg 1—1
I-ig. 18. Total phytoplankton biomass, blue-green aigal
hiomass, number of Nodularia counting units (= trichoms
of 100 jim), number of Aphanizomenon counting units
= trichoms of 100 jim), and number of heterocysts of
Nodularia and Aphanizomenon, on a transect LL 3a...
LL 15 in 1977.
In this sample the amount of blue-green algae
was not exceptionally great, but the sample con
sisted of a great amount of Chrysomonadinae.
The tendency was equal throughout the surface
layer of the Gulf of Finland. A very sharp de
crease in the amount of blue-green algae was
found between the layers of 10 m and 20 m
(Fig. 18).
Heterocystous blue-green aigal species
The heterocystous species of blue-green algae
in alI the sampies were:
m
10
20
.c 30
40
0
m
10
20
30
40
Noduturia and Aphonizomenon Heterocysts cets/m3
Noduloria and Aphonizomenon Heterocysts 10°ce11s/m
3 600
196
A nabaena baltica
Anabaena lemmermannii
1,9 Anabaenaspp,
Aphanizomenon flos-aquae
0,4 Nodularia spumigena
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Only Aphanizomenon and Nodularia were
abundant throughout the central and northern
Baltic and in the Gulf of Finland. The Anabaena
species were abundant only in the northern parts
of the study areas.
Both in 1975 and 1977 Nodularia was found
mainly in the upper 10 meters (Figs. 17 and 18).
The greatest abundances were observed in the
northern Baltic proper and at the western sta
tions of the Gulf of Finland.
A great difference between the years 1975
and 1977 was found in the amounts of Aphani
zomenon, In 1975 the greatest abundances were
found at st LL 7 (surface layer) and at st LL 15
(10 m), and remarkable amounts of trichomes
were observed throughout the upper 50 meters.
In 1977 Aphanizomenon did not occur below 20
meters. In the upper 10 meters the values were
almost equal in both years.
In 1975 greater amounts of Aphanizomenon
were found (LL 7 and LL 13) just above the
permanent halocline.
In the upper layers the distribution of hetero
cysts coincided with the occurrence of Nodularia
and Aphanizomenon in both 1975 and 1977,
with the exception of the sampies from just
above the halocline in 1975. In these sampies a
fairly large amount of Aphanizomenon contained
only a few heterocysts.
The frequency of heterocysts (number of
heterocysts per 1 000 im trichome) varied bet
ween the years and the species (Table 8). The
heterocystic frequency of Nodularia was always
much higher than that of Aphanizomenon. The
frequency of Aphanizo menon varied between 0
and 7 and in 1977 0—5. For Nodularia the
corresponding values were in 1975 0—15 and in
1977 0—40.
4.3 Nitrogen fixation in different sub
areas
Estimations of nitrogen fixed by blue-green algae
are presented according to measurements of
heterocystic activity and acetylene reduction in
different sub-areas of the Baltic Sea (Table 9).
The estimation of the total amount of nitrogen
fixed per square meter during the growing period
is based on the mean values and on experience of
a frequent sampling study carried out in the
outer archipelago outside Helsinki city (Vuorio
1977). Estimations of nitrogen fixation in the
different sub-areas of the Baltic Sea are given in
Fig. 19.
5. DISCUSSION
The nitrogen fixation estimates presented here
correspond to an increase in the total nitrogen
concentration of 21 jig 1—1 N (range 8—70 bLg
h1 N) from June 1 to August 31 in 1974, of
6 iig l— N (1—36 i’g i N) in 1975 and of 15
Mg 11 N (1—190 i’g i N) in 1977 as geometric
means in the uppermost water column (0—20 m).
These figures are about 9, 2 and 6 per cent of the
total nitrogen concentration in early August in
1974, 1975 and 1977, respectively. The range of
nitrogen concentration was in 1974 70 jig l— N,
in 1975 194 j1g 1—1 and in 1977 218 jig l— N.
The range of total nitrogen concentrations is thus
greater than the increase in nitrogen due to nitro
gen fixation. However, only a part of the total
nitrogen is mobilized for primary production, so
the nitrogen fixation may play an essential role
in the pelagic primary production.
The blue-green aigal blooms are associated
with a high water temperature. In the southern
Baltic Sea blooms (chiefly Nodularia) develop
in June (Horstmann 1975, Öström 1976, Edier
1979), whereas in the northern Baltic proper,
the Gulf of Finland and the southern Bothnian
Sea the blooms first occur in July, but may
appear as late as in October (Kaiser and Schulz
1973, Niemi 1975). In these areas not only
Nodularia andAphanizomenon but alsoAnabaena
lemmermannii and A. baltica may be essential
constituents of the blooms.
The nitrogen-fixing blue-green algae are fa
voured by phosphorus and by low ratio of in
organic N:P. This ratio is low in the Baltic
proper and in the Gulf of Finland (in late winter
before the vernal bloom c. 3—4:1) and also
relatively low (ca. 5—6:1) in the Bothnian Sea
(Niemi 1979). The supply of phosphorus is
probably a factor regulating the blooms. Jansson
(1978) claims that areas with frequent upwelling
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of phosphorus-rich Baltic deep water (for instance
outside Landsort and in the Gulf of Finland) are
the initial localities for the development of
vigorous blooms, which are spread from such
areas with water masses over the open sea.
However, this does not explain the blooms in
the southern part of the Bothnian Sea where no
upwelling of Baltic deep water occurs, and where
the main part of the salme water component
derives from Baltic surface water.
Blooms of nitrogen-fixing species have not
been observed in the open Bothnian Bay. Mass
occurrences of Oscillatoria agardhii (Alasaarela
1979) and Anabaena species (Nauwerck 1978)
have been noted only in eutrophicated coastal
waters. Preliminary nitrogen fixation measure
ments in the Gulf of Bothnia in early August
1978 revealed that no fixation occurred in the
Bothnian Bay, in the Quark and in the northern
part of the Bothnian Sea. Apparent nitrogen
fixation was found in the southern part of the
Bothnian Sea where blooms have regularly been
observed.
The absence of nitrogen-fixing blue-green
aigal blooms in the northern parts of the Gulf
of Bothnia seems to be connected with a high
inorganic N:P ratio (> 10:1) in that area (Niemi
1979). The concentration of P04—P is vety low
and seems to be the factor regulating primary
produetion. In the surface layer marked con
centrations of N03—N have been measured
during the growing period (Voipio 1976, Pieti
käinen et al. 1978, Alasaarela 1979).
The blue-green aigal bloorns in the Baltic
proper, Gulf of Finland and southern Baltic Sea
transform considerable amounts of molecular
nitrogen into organic compounds, thus adding
nitrogen into the biological cycle. An increase
of phosphorus in the surface layer will favour
the development of nitrogen fixing blooms,
which again increase the nitrogen concentration
in the productive surface layer. In this way the
input of atmospheric nitrogen tends to harmonize
the low N:P ratio, which originates on one hand
from the natural upwelling of Baltic deep water
and on the other from land-based input into
Fig. 19. Esurnations of nitrogen fixation kg. km2 (3 months)1 in different sub-areas of the Baltic Sea in 1974,
1975 and 1977. Range in brackets.
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coastal waters.
The blooms occur spatially in open sea areas.
Rough quantification of the blooms over cx
tensive sea areas is possible only with the aid of
satellite pictures (e.g. Nyqvist 1974).
The authors are well aware of the fact that
occasional measurements of nitrogen fixation and
heterocystic activity do not perhaps correspond
to the true mean values for the areas studied.
However, because of the great need for estimates
of the total amounts of nitrogen fixed by blue
green algae in the open sea, estimates of the total
amount fixed over a growing period have been
calculated (Rinne et al. 1978). According to
these calculations ca. 100 000 tons of nitrogen
is fixed annually in the sea area north of Got
land, a value roughly corresponding to the land
based input of nitrogen. Jansson (1978) reports
similar leveis. The river input of total nitrogen
in the Gulf of Finland and in the central Baltic
has been estimated at 187 000 tons per year
(Voipio and Tervo 1979). Thus it can be con
cluded that nitrogen fixation is of essential im
portance in the nitrogen budget of the Baltic Sea.
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LOPPUTI IVSTELMÄ
Itämeressä kesäaikana yleisinä esiintyvät sinilevät
kykenevät sitomaan ilmakehästä veteen liuennut
ta molekulaarista typpeä. Täten sitouruvan typen
määrää tutkittiin pohjoisella Itämerellä ja Suo
menlahdella vuosina 1975 ja 1977. Tutkimusai
koina vallitsevina sinilevälajeina olivat Aphani
zomenon flos-aquae (L.) RALFS, Nodularia
spurnigena MERT., ja Anabaena spp., jotka kaikki
ovat heterokystillisiä lajeja. Koska sinilevien ty
pensidonta tapahtuu heterokysteissä, tutkittiin
mahdollisuutta arvioida sitou tuvan typen määrää
heterokystien määrästä. Typen sitoutumista mi
tattiin asetyleenin pelkistysmenetelmällä, joka
osoitti, että yksi heterokysti pelkisti typpeä noin
3,5 pg (2 h)1. Heterokystien määrän ja typen
sidonnan intensiteetin vertailu osoitti, että sini
levien heterokystien määrän avulla voitaisiin
arvioida Itämeren typen sidonnan määrää. Tä
män tutkimuksen aineistoista laskettu arvio sini
levien sitomasta typen määrästä oli pohjoisella
ja keskisellä Itämerellä noin 100 000 tonnia
vuodessa.
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